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A monthly insert on special topics at Lawrence Livermore National Laboratory. This month: Physics. © ©

Spotlight on
Physics
at the
L aboratory

—William Goldstein
Associate Director for Physics

Celebrating the science
that created the Laboratory

his year marks the centenary of a

watershed in the history of sci-

ence. In asingle year — 1905 —
Albert Einstein published papers intro-
ducing relativity theory, demonstrating
the quantum nature of light and predict-
ing properties of Brownian motion that
virtually proved the existence of atoms
and molecules. Thiswork presaged the
explosion over the past century in our
understanding of the lawsthat govern the
universe on scales from sub-atomic to
intergalactic. In oneyear, Einstein set the
stage for quantum theory, cosmology and
condensed-matter physics.

The transformation of physics
wrought by Einstein beginning in 1905
was echoed in 1939 when he played a
crucial role in catapulting physics and
physicists to the center of world events.
Einstein realized then (with anudge from
Leo Szilard) the implications of the
recent discovery of nuclear fission, and
the fantastic amounts of energy it gener-
ated (through the relationship E=mc )
In a famous letter, he alerted Franklin
Roosevelt to the possibilities raised by
the new research, and the danger of its
being exploited by Nazi Germany. He
urged Roosevelt to establish contact with
the nuclear physicists, and to help speed
their work. Edward Teller was Szilard's
companion on the trip to Peconic, Long
Island, where Einstein’s signature was
obtained. Einstein’s intervention helped
initiate the Manhattan Project, and, ulti-
mately, the age of nuclear weapons, in
which LLNL has been so significant a
player.

From its inception, Livermore has
sought to apply modern physics that
flowed from the “ miracle year” to emerg-
ing problems. The first mission of the
Lab was to apply nuclear fusion — a
process first proposed bX Eddington
based on Einstein’s E=mc<. Livermore
became renowned for innovative con-
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Getting “ Up Closeg” with science

Editor’'snote Thismonth's* Up Closg” focuses
ontheWbrld Year of Physics 2005, a United Nations
endorsed, international celebration of physics. It

commemoratesthe pioneering contributions of

Albert Eingteinin 1905 and bringsthe excitement of
physicsto the public to ingpire future generations of

sientigs
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Einstein i in the 21 st Century

Timed to caincide with the 2005 Centenni
of Physics 2005 will bring the Excitément
Visit wwiw.physics2005,.0rg'to find out hot

Albert Einstein's
public and inspir
olved.

n of scientists.

www.physics2005.org

Timed to coincide with the 2005 Centennial Celebration of Albert Eingtein’s Miraculous Year, theWorld Year of Physics
2005 will bring the excitement of physicsto the public and inspire a new generation of scientigts.

PhysicsentwinesL aboratory science

ince Lawrence Livermore Nationa Laboratory’s
founding in 1952, physics has been entwined in
all scientific research at the Laboratory.
In scale, physics pervades research from quarks
— hypotheticaly the smallest particle known to man
— to stars and galaxies; from femtoseconds — one
quadrillionth of asecond — to centuries; from atem-
perature of near absolute zero to nuclear fusion condi-
tions.
Physcists Edward Teller and Ernest O. Lawrence
urged Washington leadersto

ed for taking images of mock nuclear-weapon pri-
maries asthey imploded. During this decade, the Lab-
oratory proof-tested nuclear designs and laid the
groundwork for future Livermore designs of compact
high-yield ballistic missile warheads. The bioscience
and environmenta programs were spawned as away
scientists could begin to understand the consequences
of atmaospheric nuclear testing. Follow-on biotechnol-
ogy developments contributed to the Department of
Energy’sdecision to launch its Human Genome I ni-
tiative.

open the Livermore branch

Beginning in the 1970s, the Lab

of the University of Cdifor-

nia Radiation Laboratory to What is ph)'SICS?
more  rapidly ,advance Physics is the science of matter,
nuclear wegpons science and energy, space and time. It is all

technology. That science and
technology would expand
beyond weapons work and
explore astrophysics, bio-
physics and medical tech-

around us — in the lights we
turn on, the cell phones we
use, in the stars that shine and
the wind that blows.

began itsworld-renowned laser pro-
gram and has remained at the fore-
front of laser science and technology
ever since. In 1973, the Uranium
Atomic Vapor Laser | sotope Separa
tion (U-AVLIS) program began to
help maintain the U.S. market share
of enriched uranium fuel for nuclear
power plants. But it was the develop-

nologies, lasers and high-
energy density physics
research, and find gpplicationsin homeland security.

Livermore' sinterest in new small fission wesapon
designscameto fruitionin the 1950s. Theresearch led
tosomeof theLab’sfirst weapon-devel opment assign-
ments, including the W45 for the Little John and Ter-
rier tactical missile systemsand the W48 155-millime-
ter howitzer atomic projectile. Thisled eventualy in
the later 1950s to the development of much smaller
diameter H-bomb missile warheads, which made the
Polaris submarine program possible and put Liver-
more on the map.

Thefirst underground nuclear test at the Nevada
Test Siteled to theideaof using nuclear explosonsfor
non-military uses. The Plowshare Program needed
hard data on the effects of such blastsfor the program
to succeed in exploring peaceful nuclear uses, such as
the building of canalsand dams.

By the 1960s, the L aboratory was exploring non-
nuclear testing capabilities. At Site 300, alinear accel-
erator (linac) generated powerful X-ray flashes need-

ment of Janusthat Sarted thefirgt of a
sequence of ever-larger lasers to
exploreinertial confinement fusion (ICF) for national
security and civilian applications. The energy crisis of
the 1970s helped invigorate long-term research into
|CF and magnetic fusion as alternate sources of ener-

The 1980s saw the ever-increasing combination
of experiments and computer simulationsto develop
new strategic weapons, such as a nuclear bomb that
could be delivered at low altitude. Lasers continued to
be a mgjor focus in the 1980s with the Nova laser
enabling further research in X-ray lasers. At thetime,
Novawas the world's most powerful laser. The 1980s
also saw the publication of Robert Laughlin’stheoret-
ical work explaining the so-called fractiona quantum
Hall effect in Physical Review Letters. Thework later
led to Laughlin earning aNobel Prizein 1998.

History, See page 8
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Groundbreaking science
appear s as cover story
in scientific journals

During the past 18 months, Livermore scien-
tistsdelving into high-impact areas of physicshave
been the cover story on six different scientific jour-
nals. The groundbreaking work variesfrom finding
anew gate of matter, to characterizing interstellar
dust particlesto better anthrax detection methods.

National Geographic

Most recently, the December 2004 National
Geographic cover story, “ Search for
other Earths,” festured Lab-
oratory physicist
Bruce Macintosh's
work searching for
planets orhiting other
sars.

The next mgor
sepinthisareawill be
direct detection — actud
images of the extremely
faint planetsnext tothe .
extremely bright stars. The =
starswill be surrounded by a w
halo of light scattered by the
Earth's atmosphere, imperfect optics, and funda-
mental processes such asdiffraction. Current
ground-based tel escopes— even with adaptive
optics— and the Hubble Space Telescope could
only seeaplanet if the parent star isvery dim or the
planet very young and bright.

Meacintosh isleading amultinationa team
(including UC Berkeley, UC Santa Cruz, UCLA,
JPL, theAmerican Museum of Naturd History and
the Herzberg Indtitute of Astrophysicsand Universi-
ty of Montreal in Canada) that is designing anext-
generation system to systematically study planetsin
solar systems like our own for the USUK/Canadian
Gemini telescope. If built, this“extreme’ adaptive
optics system would be the world’'s most advanced,
with an order of magnitude more powerful than cur-
rent systems, with nanometer-level control of the
wave front and meticul ous shaping of scattered
light. The system could be operationa by 2009 and
capable of discovering and characterizing more than
100 giant planets orbiting nearby stars, providing
new indghtsinto the nature of other solar systems.

Nature
Stanimir Bonev, Eric Schwegler, Tadashi Ogit-
su and GiuliaGalli predicted anew melt curve of
hydrogen, indicating the possible existence of a
novel quantum fluid of liquid metallic hydrogen.
Thework was featured on the cover of the Oct.
7, 2004 edition of the journa Nature.
Theresearcherspre-
sented the results of
abinitio calculations
of the hydrogen melt
curve at pressuresup to
2 million atmospheres.
The measurement of
the high-pressure phases
of hydrogen hasbeenthe
focus of numerous experi-
mentsfor nearly acentury.
However, the phase bound-
ary that separatesthe solid
and theliquid has remained relatively unknown.
Until now, when Livermore scientists reported the
melt linewith first principles smulations, and pro-
posed new experimental measurementsto verify the
existence of amaximum melting temperature and
thetransformation of solid molecular hydrogento a
metallic liquid at pressures close to 4 million atmos-
pheres.

Meteoritics & Planetary Science

The cover article on the September 2004 issue
of Metoritics & Planetary Science featuresajoint
project between the Laboratory’s Center for Accel-
erator Mass Spectrometry (CAMS) and the Indtitute
for Geophysics and Planetary Physics, inwhich a
CAM S nuclear microprobe was used to characterize

Journals, See page 3

Shocking experimentslead to scientific discovery

t'sarealm where a “bore”

can generate excitement. A

“spike” could mean pluto-
nium 238. And a gun becomes
a scientific instrument. Wel -
come to the physics of stock-
pile stewardship: condensed-
matter and shock physics.

Stockpile Stewardship is
the National Nuclear Security
Administration (NNSA) pro-
gram to ensure the safety and
reliability of the nation’s
nuclear deterrent. Under this
program surrogate scientific
experiments and computer
simulation replace under-
ground testing of nuclear
devices in the Nevada desert.

Condensed-matter physics
has resided at the core of the
Laboratory research since its
founding. Longtime Liver-
more employee Robert Laugh-
lin received the Nobel Prize
for Physics for condensed-
matter work in December
1998.

Plutonium’s complex elec-
tronic structure remains a
most challenging problem in
condensed-matter theory.
When heated from room tem-

perature and pressure to The Laboratory's design for the W47 Polaris warhead made it practical

approximately 600 degrees
Celsius, plutonium experi-
ences four phase changes. The
volume, crystal structure and
thermal expansion also vary from one phase
to another. Condensed-matter research pro-
vides scientific insight into those phase
changes, and also allows aging studies on plu-
tonium and weapon components using Pu238
spikes.

Shock physics researchers study the
behavior of materials as a shock wave
passes through them. The shock can be
generated by high explosive detonation or
by a high-speed projectile propelled down
agun “bore” to impact a target.

Shock physics is essential to stockpile
stewardship. In thermonuclear weapons, X-
ray radiation from a fission explosive can
be contained and used to transfer energy to
compress and ignite a physically separate
component containing thermonuclear fuel.

Hydrotests measure the implosion char-
acteristics of primary systems. Hydros are
named for the fluid-like behavior of metals
under these conditions.

submarines.

for U.S. nuclear deterrent forcesto be deployed from highly survivable

Hydrotests and other shock experi-
ments are conducted at the High Explo-
sives Application Facility (HEAF), the
Contained Firing Facility (CFF) at Site 300
and facilities at the Nevada Test Site
including the Big Explosives Experimental
Facility (BEEF), the JASPER gas gun and
the Ula underground facility for conduct-
ing “subcritical” explosive shock tests on
nuclear materials.

B Division leader Charles McMillan
explain: “Much of our weapons simulation
codes derive from hydrodynamic tests.
Mock weapon primaries, with surrogate
nuclear materials, are blown up before
powerful flash X-ray machines. They allow
scientists to ‘see’ inside imploding assem-
blies and capture the dynamics of materials
in motion at ultra-high speeds. HEAF, CFF,
BEEF, JASPER and Ula are our principal
laboratories for shock physics experi-
ments.”

Experiments to determine the equation of state of plutonium began in 2004 on the Joint Actinide Shock
Physics Experimental Research (JASPER) two-stage gas gun at the Nevada Test Site. JASPER isused to
determine the properties of plutonium at high temperatures, pressures, and strain rates by shocking the
material, then measuring the response.
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Weapons science and the Big Bang

t seemsunlikely that anuclear

wegpons laboratory would have

much interest in the creation of
the universe.

But the basic sciences of nuclear
weagpons and astrophysicsareinte-
grdly linked. Out of thiscommon
science base, astrophysics emerged
asanimportant discipline at the Lab-
oratory.

“Exploding stars are analogous
to the explosions of nuclear
weapons,” said Bruce Tarter, Lab
director emeritus. “ X-raysand
gammaraysthat occur in space are
similar to complicated things that
happen in the atmosphere after a
bomb explodes.”

Tarter, who mgjored in astro-
physics, said that when hefinished
grad school intheearly ‘60s, it was
anexciting timein hisfied. Lab
physicists had produced two of the
most important papersin astro-
physicsat thetime. Using some
early supercomputers, Stirling Col-
gate and Dick White wrote a paper
describing why stars explode and
former Lab director Mike May and
White wrote afollow-up paper about
why gtarsimplode to become black
holes.

Tarter said many physicissswho
worked in the weapons program did
agtrophysics*on our owntime.”

By the 1970s, the Universty of
Cdiforniaurgedthe Labto opena
branch of the Ingtitute for Geo-
physicsand Planetary Physics
(IGPP), aUC multi-campus research
unit. Other branchesarea UC Los
Angeles, UC San Diego, UC River-
sde, UC SantaCruz and LosAlam-
osNationa Laboratory.

Claire Max was recruited from the laser-plasma
interaction group in the Inertia Confinement Fusion
program to bethefirgt director of Livermore'sIGPP,
Max is currently director of the Center for Adaptive
Optics, Science and Technology Center with head-
quartersat UC Santa Cruz, and she maintains her asso-
cigionwith 1IGPP. Max is respongblefor the Laser
Guidestar Project, which aimsto improve the perfor-
mance of ground-based astronomical tel escopes by
correcting for the blurring of astronomical images
caused by turbulencein the atmosphere. Using lasers,
optics, and systems engineering expertise from the
Laboratory’slaser program in combination with
|GPP' s astraphysics expertise, this project isdevelop-
ing technology that alowslarge Earth-bound tele-
scopessuch asUC's Lick Observatory (Cdifornia)
and the Keck Telescope (Hawaii) to achievetheir full
scientific potentid.

Another pivota point in the astrophysics program
occurred when CharlesAlcock joined the Laboratory.
While at the Lab, Alcock headed the U.S. project to
search for massive compact halo objects (MACHO)
and estimate their contribution to the dark matter com-
ponent of the Milky Way’shalo. The MACHO project
continues at the Laboratory. Alcock isnow director of
the Harvard-Smithsonian Center for Astrophysics,
director of the Smithsonian Astrophysica Observato-
ry, director of the Harvard College Observatory and
professor of astronomy at Harvard University,

More recently, John Bradley arrived at the Labo-
ratory to serve as|GPPdirector. Bradley isheavily
involved in the Stardust mission that will collect exotic
samplesfrom the sun, acomet and an agteroid. The
IGPPiscurrently preparing for the return of the Star-
dust spacecraft.

The Stardust mission launched in February 1999
isthefirs U.S. “solid matter” samplereturn mission
sinceApollo 17in 1973. Aerogd collectorson Star-
dust have dready been deployed for interstellar dust
collection. The sampleswill bereturned to Earthin
early 2006. | GPP researchers are exploring particle
extraction and andysis techniquesthat will maximize

Livermore researchersinstalled an adaptive optics system to create
alaser guidestar on the Keck telescope in Hawaii.

the scientific return of these unique particles.

The upcoming Large Synoptic Survey Telescope
(LSST), et to be built in Chile, Mexico or the Canary
Idands, isbound to be aboon for astrophysicsat the
Laboratory. The LSST isaproposed ground-based
telescope that will be ableto survey the entirevisible
sky every three nights on objectsthat change or move
on rapid timesca es— exploding supernovae, Earth-
gpproaching asteroids and distant Kuiper Belt objects.
The Laboratory’s Kem Cook, who previously worked
onthe MACHO project, will be heading the astro-
physicsside of the telescope while Lab physicist Don
Sweeney serves as LSST project manager, handling
the engineering side of the project. Stanford, the Slanford
Linear Accderator Center (SLAC) and UC Davisare
dsoplaying crucid rolesinthe LSST .

Robert Becker, who dsoisaphysicsprofessor at
UC Davis, headsthe | GPP sAstrophysics Research
Center, which indludes managing the astrophysics part of
the University Collaborative Research Program (UCRP)
and facilitating contacts between UC stientistsand their
LLNL counterparts. It servesasthefocusof Lab astro-
physicsactivities by organizing theweekly astrophyscs
colloguium, hogting visitors and collaborators and edit-
ing anannud “ Obsarvatory Report” that coversal agtro-
physicsactivitiesa LLNL (and is published in the Bul-
|etin of the American Adronomical Society).

Other agtrophysicsprojectsat IGPPare gdaxiesand
quasar research in the formation and evolution of gaax-
ies, dudgtersof gaaxiesand active gdactic nudei (includ-
ing quasars); Faint Images of the Radio Sky at Twenty
centimeters (FIRST), aproject designed to produce
theradio equivalent of the Palomar Observatory Sky
Survey over 10,000 square degrees of the North
Galactic Cap; and the Taiwanese American Occulta-
tion Survey (TAQS) that will probe the Kuiper Belt
region of the solar system for abjects as small as 2
kilometers using an occultation technique that the
Lab pioneered. Further, high energy astrophysics
work is also being conducted by Bill Craig'sand
Simon Labov’s groups.

“Adrophydcsisanaturd metch for theLab,” Tarter
sad. “Out of the nuclear wegpons program, good science
emerged to help nurture other Lab programs.”

Journals
Continued frompage 2

interstellar dust particles as part of the Stardust
Project.

The Stardust spacecraft
will return to Earth
in 2006 with
cometary and inter-
sellar dust particles
embedded inslica
aeroge collectors.

Working with
Imperid Collegein
London, the Spaces Sci-
ences Laboratory at UC
Berkeley and the Natural
History Museum in London, CAM S researcher
Patrick Grant was able to characterize analog par-
ticlesimplanted in silicaaerogel with anuclear
microprobe.

“The CAMSresearch was pivotal in this
work,” said John Bradley, IGPPdirector. “This
anaysis hadn’t been done before with this materia
and they proved it was capable.”

Physical Review Letters

In spring 2004, Kevin Fournier worked with
the Nonpraliferation, Arms Control and Interna-
tiona Security Directorate and
ny > the Inertial Con-
[ finement Fusion

program to develop
atechniqueto intro-
duce aheavy element
inalow-dengty aero-
gel foam that earned
them the cover of the
April 23 edition of Phys-
ical Review Letters.

Using an aerogd tar-

get with three-atom per-

cent titanium, the Livermore team used the
OMEGA laser at the University of Rochester to
shoot the target. The titanium within the target
converted the bluelaser light into 4.7 kilo electron
volt X-rays. Because the dendity of the aerogel
materia that held the Ti dopant isso low, the laser
does not see asolid target (an inefficient convert-
er), but instead seesasolid that lookslike agas (a
good converter).

The researchers plan to continue their work
thisMarch with anew processthat can introduce
Sx timesthe amount of even heavier dements
embedded in the aerogel.

Analytical Chemistry

In October 2003, Livermore physicists made
history again by garnering the cover of Analytical
Chemigtry with the devel opment and testing of the
Autonomous Pathogen Detection System (APDS).

Researchers Mary McBride, Don Masqudlier,
Benjamin Hindson, Anthony Makarewicz, Steve
Brown, Keith Burris, Thomas Metz, Richard Lan-
glois, Kodumudi Vankateswaran, Fred Milanovich
and Bill Colston were part of ateam that built the
APDS, asystem that is cgpable of continuoudy
monitoring the environment for air-
bornebiological agents
asan early warn-
ing system for
civiliansinthe
event of aterrorist
attack.

Thesystem was
tested in a Biosafety
Leve 3facility, where
it detected aseries of
aerosolized released
containing two live, vir-
ulent biological thregt
agents, Bacillusanthracis (anthrax) and Yersinia
pestis (plague).

The system was built in responseto the
anthrax attacks of 2001. The APDS was recog-
nized as one of thetop 100 inventions, and in
2004, the Lab received an R& D100 Award.

Journals, See page 8




INSERT — |

Ruth, the Labo-
ratory’s first
nuclear test,
provided infor-
mation about

certain ther-

monuclear
reactions,

although it
fizzled.

The Livermore

branch of the
Over the course of the past 50 years, sty i
. . California
L aboratory scientists and programs have Radiation Lab.
achieved breakthroughsin physicsthat oratory at

Berkeley opens
for operation
on Sept. 2.

build on the work of Albert Einstein and
the quantum generation he spawned. Fol-
lowing are some physics highlights from
five decades of basic science and national

=T
Focus on fusion: Research energl

ver since 1960, when physicists Charles Townes and

Arthur L. Schawlow of Bell Labs received the first

patent for “Light Amplification by Stimulated Emission
of Radiation,” the Lab has been engaged in the study and use
of lasers.

And for much of that time, LLNL has been home to the
largest lasers in the world.

The Lab’s first laser fusion project, built in 1962, resulted
from research by a group of physicists who were studying how
to use powerful, short laser pulses to compress and ignite a
small amount of deuterium-tritium fuel.

That same year, Lab director Johnny Foster, former direc-
tor Edward Teller, and Physics leader Ted Merkle decided to
start a laser development and weapons physics project. Even
though the lasers of the ‘60s were miniscule by today’s stan-

dards, the Lab started eval uating the construc-
tion of high-power lasers and laser-driven
implosion schemes. The most noteworthy sys-
tem in those years was named Long Path,
LLNL’sfirst neodymium-doped glass disk and
multi-pass laser. Neodymium is a bright, sil-
very rare-earth metal used as the active lasing
element.

Beginning in 1972, Livermore scientists
designed, built and operated a series of
increasingly energetic and powerful solid-
state systems. It all started with the “4 pi” sys-
tem and continued with Janus, Cyclops, the
two-beam Argus, the 20-beam Shiva, the two
beams of Novette, the 10-beam Nova,

The
tici
the
ma
pac
obj
M
esti
cor
The Nova laser !

I?obert Laug.h- becomes opera- o

lin’s theoreflc.al tional, enabling Six on-board p0.r

work explaining further research cameras "

the s?-called in X-ray lasers. designed and hal

fractional quan- At the time, i built at the

fum H?" effe.ct Nova was the world’s most powerful Laboratory for

is published in laser. the Clemen-

Physical Review Letters. The tine satellite

work later led to Laughlin
earning a Nobel Prize in 1998.

map the entire surface of the
moon at resolutions never before
attained.
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A new
linear
accelera-
tor that
generates
X-ray
flashes for taking images of mock
nuclear-weapon primaries as they
implode is delivered to Site 300.

The Laboratory detonated
the first contained under-
ground nuclear explosion
(Rainier) at the Nevada Test
Site

The first biomedical and
environmental research pro-
gram begins at Livermore to
determine the biological
consequences of fallout radi-
ation.

From early molecular
dynamic simulations,
Lab researchers find
evidence of hydrody-
namics applied on an
atomic scale.

B —
zed L ab development of lasers

Petawatt and Beamlet.

And now, the National Ignition
Facility continues that proud tradi-
tion. When the last of its 192 beams is
installed in 2008, NIF will offer
unique capabilities, including the
most energy of any laser facility in the
world.

With its ability to provide a vari-
ety of laser pulse shapes and lengths,
NIF also will offer more power and far
more energy than any other laser facil-
ity.

“The National Ignition Facility
will be about 20 times more powerful

than the Nova laser and will deliver about 60 times more ener-
gy,” said John Lindl, Livermore’s scientific director for iner-

tial confinement fusion.

When Nova operated with ultraviolet light, it produced 30
kilojoules of energy and 25 terawatts of power. In contrast, the
192-beam NIF will generate 1.8 megajoules and 500 terawatts.

LLNL technology has had a major impact on the develop-
ment of other large glass laser facilities in the United States,
including the Omega laser and more recently the Omega EP
(Extended Performance) at the University of Rochester in
New York and the Beamlet laser (originally the NIF scien-
tific prototype) now at Sandia National Laboratory in Albu-
querque, NM. Lasers in Japan, France, the United Kingdom,
Germany and other countries around the world also use

LLNL technology.

Lab par- The first laser
pates in guidestar is
S(.Eal‘Ch for installed at the
sive com- Lick Observatory.

halo The 15-watt dye
cts laser system, an

CHO) to outgrowth of the
mfalte t.heir AVLIS program,
tribution was retrofitted
he dark onto the Shane
ter com- telescope.
ent of the Laboratory
ky Way’s a researchers suc-

ceed in achieving a
long-sought goal
of high-pressure physics — con-
verting hydrogen to a metal.

The stadium-sized 192-beam
National Ignition Facility
breaks ground. With four
beams in operation, it is the
world’s most energetic
infrared laser.

Livermore scientists
develop PERE-
GRINE, a new tool
for helping doctors
plan cancer radiation treatment on a
patient-specific basis, and license it to
NOMOS Corporation. Extreme Ultravio-
let Lithography (EUVL) is developed in
conjunction with Sandia, LBNL and
industry to extend the current pace of
semiconductor innovation. Both tech-
nologies earned an R&D 100 award.
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Science minds at wor k
throughout the L ab

Bruce Tarter
Former Laboratory director

[ first became inter-
ested in astronomy and
physics around the ages
of 8 and 9 when |
checked out a book on
cosmology and astron-
omy entitled, “One,
Two, Three... Infinity,”
by George Gamow. A
couple of years later |
read everything | could find by Fred Hoyle,
things like the “Nature of the Universe,” and |
was completely taken with math and astrono-
my from that time on. Fortunately, those inter-
ests coincided with aptitude, and | continued
to read things like, “The World of Mathemat-
ics,” a treasure chest of stories and puzzles
and articles in four giant volumes, as | went
through junior high.

By high school it was clear that physics
was the basis for all of that and so | was very
focused on doing some combination of math,
physics and astronomy as my life’s work. (This
is pretty much the way a musician does it, you
don't ‘pick a career,” you just do what you like
doing and hope it works out.) | was always of
the theory and math persuasion, not the
experiments and “take things apart” group,
which made it pretty easy to pursue all my
interests.

Regina Soufli
1 Division/Physics and Advanced
Technologies

After completing
my undergraduate
education with a
major in electrical
engineering in my
hometown of Athens,
Greece, | was accept-
ed by the graduate
program at UC Berke-
ley. My first
encounter with the field of X-ray optics
occurred in the spring 1993. From that
course | learned how X-rays can be imple-
mented as a tool for exciting science:
through the interaction of X-rays with mat-
ter one can probe the properties of the
innermost electronic shells of any atom, or
image samples with nanometer-scale reso-
lution; X-ray radiation emitted from celes-
tial objects can provide clues to the unrav-
eling of important astronomy questions
such as the origins of the universe.

Looking back to that introductory X-
ray optics course | took in 1993, | feel very
fortunate to have contributed to such excit-
ing high-energy science and technology
applications that were enabled by develop-
ing state-of-the-art X-ray optics. In addition
to my own hard work, for this success |
credit those individuals | have worked with
throughout my career, who were outstand-
ing colleagues and mentors and instilled in
me lifelong inspiration and commitment to
research.

William Evans
H Division/Physics and Advanced
Technologies

As a physicist | can
think of numerous rea-
sons for choosing a
career in physics:
understanding nature
at a fundamental level;
developing techniques
to address urgent tech-
nological needs and
contributing knowl-
edge to improve the quality of life for

Physicists, See page 7

Pur suing the promise of fuson energy

or morethan

half a centu-

ry, scientists
at Livermore and
around the world
have been work-
ing to solve one of
the most difficult
— and potentially
most important —
problemsin all of
physics.

The problem:
how to harness
nuclear fusion, the
process that pow-
ers the sun and
stars as well as
thermonuclear
weapons, to pro-
vide future gener-
ations with an
unlimited source
of energy.

LLNL s fusion One of theyin-yang magnetsfor Magnetic Fusion Test Facility-B (MFTF-B). The mag-

research has taken
a variety of
approaches to generating energy by fusing
atoms of hydrogen — a resource that, unlike
fossil fuels or the uranium and thorium needed
for current nuclear fission reactors — is virtu-
ally inexhaustible.

The goal of fusion energy isto apply enough
heat and pressure on a plasma — an energetic
soup of electrons and positively charged hydro-
gen ions— to force the hydrogen nuclei to fuse,
releasing far more energy than the amount
required to heat the plasma. The basic barrier to
success has been plasma’s turbulence and insta-
bility: thermal and pressure fluctuations in the
plasma’s superheated core keep it from reach-
ing the heat and pressure needed for fusion.

Livermore's early fusion research focused
on the use of magnetic “mirrors” to contain the
plasmain cylindrical magnetic fields, pinched
at their ends like a party popper. Although the
Lab made progress in measuring and under-
standing the behavior of plasmas, its work on
mirror-confined plasma eventually took a back
seat to doughnut-shaped “closed” reactors,
known as tokamaks.

The next big step for tokamak research is
the construction of the International Tokamak
Experimental Reactor (ITER), a10-year, $8 bil-
lion research project that scientists believe will
achieve the Holy Grail of fusion research: pro-
ducing more energy than it consumes.

LLNL is supporting the ITER project by
developing diagnostic tools to determine the
strength of the reactor’s internal magnetic
fields. In addition, theoristswill usethe Lab’s
supercomputers to develop sophisticated
models of tokamak plasma behavior, enabling
plasma physicists to simulate ITER’s opera-

net system for MFTF-B was the largest superconducting system ever built.

tion and achieve a comprehensive understand-
ing of how the reactor’s components will work
together.

The Lab also is pursuing several other
approaches to fusion that could turn out to be
more economically attractive for commercial
energy production than the expensive, ware-
house-sized tokamaks:

e Fusion pioneer Dick Post and his col-
leagues in the Lab’s Magnetic Fusion Energy
Program continue to explore new techniques for
containing plasmain magnetic mirror systems,
which are inherently less turbulent than toka-
maks.

e The Lab’s Sustained Spheromak Physics
Experiment, dedicated in 1999, could lead to a
simpler, more compact and less expensive
fusion reactor than the tokamak. Instead of giant
electromagnets, the spheromak uses currents
flowing in the plasmato generate the magnetic
fields — creating, in essence, a self-confined
plasma.

e The National Ignition Facility (NIF), the
world’'s most powerful laser facility, is being
built to demonstrate a process called inertial
confinement fusion, which generates vast
amounts of energy. NIF will focus 192 laser
beams on a BB-size capsule of hydrogen fuel,
causing the capsule to implode and create fusion
ignition and burn. The process would release
about 10 times more energy than was used to
drive the implosion.

“Fusion is a very attractive alternative to
fossil fuels and fission,” said LLNL physicist
David Hill. “That’s what powers most of usin
this field. We can make a large contribution to
society if we can bring this to fruition.”

Note: For a highly readable
account of the colorful his-
tory of fusion research
through the 1980s, see
“Fusion: The Search for
Endless Energy” by Robin
Herman (Cambridge Uni-
versity Press, 1990), avail-
able at the LLNL Library.

Thefirst Livermore laser for
Inertial Confinement Fusion
research, Janus, had two
beams and produced 10 joules
of energy.



INSERT — PAGE 7

Radiation science for national defense

0 protect the Unit-

ed Staesagangt

terrorists, LLNL
physicistsand other
national |abs have devel-
oped some of the most
advanced radiological
detection instruments.

“We'refocusedin

homeland security on
finding theradiologica
sgnaturesfrom nuclear
materidsagaing ahighly
variable background of
natural and unnatural but
benign sources of radioac-
tivity,” said Smon Labov,
director of the Lab's Radi-
ation Detection Center.

Itisacomplex prob-
lemin Labov'sview. For
example, aradiation
detector that movesnear a
granitebuilding may seea
two-fold signal increase,
but the signal would drop if atruck blocks the detec-
tor from the building. Then the Sgnal could skyrock-
et if aperson passes by who hashad amedicd treat-
ment with radioactive tracers.

“How do wetell the difference between atruck
carrying anuclear wegpon and atruck loaded with
kitty litter?’ Labov asks. He answersthat two critical
physicstool s help distinguish between the two types
of radioactive sources.

Oneisgammaray spectroscopy, which assgsin
understanding nuclear processes. Spectrometers used
in nuclear physics can distinguish between different
radioactive isotopes and can help inspectorsrule out
threats from such benign radioactive sources as med-
ica patients.

The second tool isgammaray imaging, which
can be used to locate and measure highly energetic
agtrophysica phenomena. Theseimagersare now

Klaus Ziock (left) and Lorenzo Fabris prepare the large-area gamma-ray imager
for field testing. Theinstrument uses about half a square meter of gamma-ray
detectors behind a one-dimensional coded aperture mask (gray barsin photo) to
search for compact sources of radioactivity.

being used to digtinguish between radioactive sources
that could be athresat and those associated with natur-
a background, building materials or common cargo.

The Laboratory, aswell as Cd Tech, the Harvard
Smithsonian Center for Astrophysics, UC Santa Cruz
and other organizations, are contributing to the devel-
opment of alarge gammaray satdlite that will use
coded aperture imaging techniquesto measure black
holesin space.

On Earth, the sametechniques are able to detect
weak signalsfrom nuclear materidsat much larger
distances than was previoudy possible, according to
Labov.

The Laboratory, he notes, has many physics
research effortsin nuclear physics, particle physics,
high-energy physicsand astrophysicsthat use
advanced detection technologies. Many of these same
technologies are being leveraged for homeland secu-
rity and nonproliferation applications.

L aser sfind medical applicationsfighting disease

As the Year of Physics is celebrated, Albert
Einstein’s explanation of stimulated emission in a
1917 publication led to the invention of the laser
almost 40 years | ater. Today, lasers are widely used
in medicine and many other fields.

At LLNL, lasers are being used in the
Medical Technology Program (within
M Division) to assist physicians in
treating many medical problems,
ranging from cancer to strokesto dia-
betes, notes Steve L ane, deputy leader
for M Division.

Physicist Stavros Demosisinves-
tigating using lasersto characterize tissue
by shining light onto the tissuein order to analyze
the light reflected back. Optical signatures can
then help to tell the difference between cancerous
and non-cancerous tissue. Thiswork, which could
permit the detection of bladder cancer without a
surgical biopsy, is being undertaken in collabora-
tion with UC Davis Cancer Center researchers.

Since November 2000, about 200 researchers
from the Laboratory and the UC Davis Cancer Cen-
ter have collaborated on various medical projects
in lasers, physics and other areas as part of an inte-
grated cancer program.

In another joint project, researchers Thomas
Huser and James Chan at LLNL are collaborating
with physicians Doug Taylor and Ted Zwerdling at
UC Davis. They are using lasersto trap single cells
in atechnique called laser raman spectroscopy that
uses scattered light to indicate what constituents
arein the cell, and may also differentiate between
cancerous and non-cancerous cells.

Livermore researchers have developed a small
device known as an Endovascular Photo Acoustic
Recanalization to assist in combating strokes. This
device uses a catheter to guide afiber optic cable
to the site of ablood clot in the brain and then uses

The technique used to break cerebral
clots consists of converting laser

energy to acoustic stresswaves. The the
challengeisto break up the clot with-
out damaging the blood vessel. body. The

laser light to destroy the clot. The technology has
been licensed to a company and has been tested in
human trials.

Duncan Maitland, |eader
for the Medical Technology
Program, is directing ateam of
30 investigators at LLNL, UC
Davis, UC San Francisco and
UC Berkeley in designing ther-
apeutic devices and developing
analytical and computational
techniques to
help  under-
stand interac-
tions between
devices
and the human

technology

uses laser-

heated shape
memory polymer microactuators that can be
applied to diseases like treating stroke and pre-
venting heart attacks.

A Livermore technology known as PERE-
GRINE isarevolutionary computer simulation tool
for analyzing and planning radiation treatment for
cancer patients. While current dose cal cul ation meth-
ods approximate the radiation dose distribution in the
patient based on dose distributions in water, the
PEREGRINE system accurately predicts radiation
dosesto tumors during radiation therapy planning by
using realistic models of the patient and accurate X-
ray transport parameters. Itiscurrently in use by the
medical community.

In 1921, Einstein won aNaobel Prize for explain-
ing the photoel ectric effect. Interestingly enough, this
processisakey ingredient in the PEREGRINE sys-
tem that isin usein the 21st century.

Physicists
Continued frompage 1

mankind. | chose physics for two reasons,
one practical and the other selfish. | wanted
to understand things from the bottom up, and |
wanted a peek at what sits just over the scientif-
ic and technological horizon. For example,
transistors led to microprocessors and our mod-
ern day computers, Roentgen’s X-rays now elu-
cidate crystal structures and the ubiquitous
double helix of DNA. A glimpse at nature’s
rulebook and a good measure of imagination
are a scientist’s crystal ball.

| was exposed to scientific, analytical and
orderly thinking from birth. My father was a
chemistry professor and my mother was a
librarian. As a high school student | pursued
chemistry, but quickly shifted to physics in col-
lege. | cannot point to a single event that
caused this shift, but physics was a very com-
petitive major and physicists had a strong pres-
ence and influence on campus. My back-
ground in physics now colors my perception
and approach to problem solving. As our
understanding of nature and technology
advances, all scientists are adapting increasing-
ly cross-disciplinary perspectives. However,
the physicists’ first-principles bottom-up
approach, building up from sub-atomic parti-
cles, is most appealing to me. This comple-
ments the contrasting atomic-molecular-macro-
molecular perspectives of sister sciences such
as chemistry and biology. These varied per-
spectives are all valuable and important, com-
bining to form a more complete picture of all
facets of science.

Jutta Escher
N Division/Physics and Advanced
Technologies

Instead of making us
add simple numbers, my
first-grade mathematics
teacher let his students
play with colorful shapes
and taught us what | now
know to be the very
basics of the mathemati-
cal field of Set Theory.
Back then, however, our
parents were surprised, some were even
alarmed — I loved it! Eventually, I did learn
how to add and subtract, but | have always
been fascinated by the abstract world of
mathematics.

In high school in my native Germany, |
majored in mathematics and physics. | had
wonderful teachers who knew their fields
well, showed enthusiasm for the subject
matter and enjoyed challenging their stu-
dents. | discovered that the language of
mathematics plays a central role in describ-
ing physical phenomena and in formulating
hypotheses and theories.

In college, | increasingly found myself
marveling at the beauties, simplicities and
symmetries that the world of physics
revealed. My studies have taught me not
only facts and figures, but a whole way of
thinking about, reflecting on and exploring
the world around me, both inside the field
and in life at large. That considered way of
“doing life” has been a wonderful gift.

Tamara E. Jernigan Physics and Advanced
Technologies/AD Office
As a child I always
enjoyed science and
math, however my spe-
cific interest in physics
developed in high
school after | studied
physics and then
became a teaching assis-
tant for the class. | found
it quite interesting that
one could derive from very basic principles an
equation of motion and that equation could be
experimentally verified in the laboratory. | was
also fascinated by both the theory of special rel-
ativity and the fact that this unique concept
could actually be tested. | viewed physics as
elegant and powerful and decided then to
pursue this predictive science in college.
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Journals
Continued from page 3

Physics Today

The Physics Today cover article from the October
2003 issue prominently displaysthe LLNL-designed
magnet for the PHENIX experiment at the Relaivistic
Heavy lon Collider (RHIC).

For the past five years, the RHIC at Brookhaven
Nationa Laboratory has been callid-
ing fully stripped gold
(Au) ionsinto one
another at 99.995
percent the speed of
light with the god of
recregting astate of
matter (Quark-Gluon
Plasma (QGP)) that
may have existed a one
micro-second after the
big bang.

To creste the condi-
tionsfor aQGPinside the collisons, temperatures of
roughly 1 trillion degrees must be atained. However,
like cosmologists studying the big bang, physicists
don't get to peer insde the collisons. Instead, physi-
cistsat RHIC must reconstruct what happened from
thedistribution of particlesthat exist in the aftermath.

Scientistsat LLNL have been ectively involved
in attempting to recreate the QGP since the 1980s,
beginning with the work of Chip Britt, Jm Thomas
and Craig Sangster. However, thefield hasrecently
entered anew erawith the commissioning of RHIC.
Livermore has been heavily involved from the sart,
contributing to the design of the magnetsfor the one of
thetwo large experiments at RHIC known as
PHENIX. The green magnetsthat are featured
prominently on the Physics Today cover play a
central role in bending the paths of charged parti-
cles produced in the collisions so that physicists
can identify them and measure their momenta.
This quest continues under the guidance of Ron
Soltz and Ed Hartouni with the goal of observing
the QGP and learning something fundamental
about the interactions of quarks and gluons.

History
Continued frompage 1

Astrophysics soared in the 1990s. First with the
Clementine satdllite mission, where six on-board cam-
eras designed and built at the Laboratory were used to
map the entire surface of themoon at resol utionsnever
before attained. Then in 1996, thefirgt laser guidestar
wasingdled at the Lick Observatory. The 15-wett dye
laser system, an outgrowth of the AV LIS program, was
retrofitted onto the Shane telescope. The guidestar and
the adaptive optics system aretoday being ingtalled on
some of the largest telescopes in the world. Lasers
grew even larger, when the stadium-sized 192-beam

Eventscelebrate World Year of Physics

This year, while the international science
community commemorates the importance of
physics and the works of Albert Einstein, the Lab-
oratory will join in the celebration by hosting a
number of events for employees, community
members and local students.

A variety of lectures, interactive demonstra-
tions and hands-on experiments for school chil-

dren, special exhibits and guest lectures for the
public, as well as a weeklong celebration of
physics for the scientific world, community lead-
ers and physics students are planned.

Below is a preliminary list of upcoming
events by month. Look for details on the Lab
Website and in upcoming weekly issues of
Newsline and Newsonline.

February Albert Einstein.
The Lab’s school tour
program for local elementary
students will incorporate
additional physics-related
facts and experiments in the
Fun with Science portion.
Feb. 5 —The Lab will
kick off the 2005 Science on
Saturday lectures with the
talk “Juggling the Power of
Light: How Lasers Work.”
(The lectures will
occur on five con-

The Director’s Distin-
guished Lecture Series will
present a physics speaker.

April
A “Year of Physics”
poster will be on display at
the Livermore Public Library.
Community lectures will
be presented on the “Top 10
Physics Events.”

June

A “Physics of Rodeo”
lecture will be offered to
the community, to coincide
with Livermore’s annual
rodeo.

The Lab’s “Scientist
Drill Team” will perform in
the Livermore Rodeo
Parade.

June 25 — “Got Sci-
ence”— a Saturday family

event -will take

secutive Saturdays
through March 5.)
Feb. 18-21 —
Lab employees will
participate in the
AAAS conference
where the DOE will
exhibit a “Year of
Physics” display.

March

Cable channel
30’s “Technology
Today” will broad-
cast a program high-
lighting the Lab’s
role in physics and
the life and times of

and Lab employees.

ture a Lab speaker.

May

A banner will be placed above 4th Street
in Livermore announcing “LLNL Celebrates
the World Year of Physics.”

May 6 — A “World Physics Day” will
take place at Marine World.

May 23 — The “Week of Physics” at the
Lab will take place on May 23-27.

May 23-24 — One-hour programs about
Madame Curie will be presented for Liver-
more High School Students, the community

May 25 — Community Day
May 26 — Science Day at the Lab and
the Livermore Chamber luncheon will fea-

May 27 — Physics Day

place at the Lab’s
Discovery Center.

September/Octo-
ber

“Dr. Atomic”
will premier at the
San Francisco
Opera and at the
Livermore Valley
Opera.

November
The Director’s
Distinguished Lec-

ture Series will
present a physics
speaker.

Nationa Ignition Facility broke ground. It is expected
to be the world's most energetic laser when complet-
ed.

Though the Laboratory’s core mission remains
ensuring the safety and reliability of the nation’s
nuclear deterrent, the Laboratory contributes broad-
ly to the nation’s science and technology base.
Weapons science and technology has found new
applicationsthat are hel ping the nation address new
rapidly evolving national security threats and
enhancing U.S. industrial competitiveness. The
1990s saw both the devel opment of PEREGRINE,
anew tool for helping doctors plan radiation treat-
ment for cancer patients and Extreme Ultraviolet

Lithography (EUVL), developed in conjunction
with Sandia, LBNL and industry to extend the cur-
rent pace of semiconductor innovation.

Asthe Laboratory movesinto the 21st century,
emerging and ongoing research in prototype devel op-
ment and fiel d-testing hasdl owed scientiststo respond
quickly to threats of biological, chemica and nuclear
attacks.

Physics continues to play a core role in
Laboratory business to explore beyond conventiona
nuclear weapons. That same science is now being
gpplied not only to national security, but to detect can-
cer, develop new medica treatments, explorethe solar
system and discover new states of meatter.

Spotlight
Continued frompage 1

cepts in both military and civilian applications of
nuclear fusion, culminating with the portentous
proposal of inertial confinement fusion by Lowell
Wood and John Nuckolls.

To understand and model the extreme conditions
that lead to nuclear fusion, the Lab applied the newest
and most powerful computers, and became aleader in
“multi-physics’ computer smulation codes. The com-
bination at LLNL of world-class physicists, and the
world's most powerful computers, led to some of the
Lab’'smost important scientific contributions: the dis-
covery by Berni Alder and Tom Wainwright of the 2-
D melting phase-trandgition using molecular dynamics
simulations; the explanation by Stan Woaosley, Tom
Weaver and GeorgeZimmerman of typell supernovee;
and thefirgt results of relativigtic gravitationa hydro-
dynamics by Jm Wilson. It's possiblein these “ multi-
physics’ problemsto catch glimpses of the novel com-
bination of atomic kinetic theory with hydrodynamics

that lies at the heart of Einstein’s 1905 explanation of
Brownian motion.

Eingtein’swork on theinteraction of light with mat-
ter, dartingin 1905 with hisexplanaionfor the photodec-
tric effect based on light coming in quantaof energy, is
integra to our understanding of lasers. Livermore'slaser
research program began in the 1970s, and the Lab has
been a theforefront of field ever since, building ever-larg-
er lasersfor fusion and weaponsresearch. Using lasers,
LLNL produced the first evidence for laser-induced
nuclear fisson, and demongtrated theworld'sfirst X-ray
las=r. The sagacontinueswith the Nationd Ignition Fadil-
ity (NIF), whichwill attain physcs conditionsfound only
in nudear tests, and a the centersof gars. NIFwill enable
scientific discoveriesin fiddsranging from astrophysics
to plasmaphydcsto materid science.

Physcshasdwaysplayed akey rolein the scientific
problems the Lab has addressed. Conversdly, many of
Livermore’'smost notable scientific achievements have
beeninphysics, indudingtheNobd Prizeavardedto Bob
Laughlin for his explanation of the fractional quantum
Hall effect. Other highlights include the discovery of
metallic hydrogen in gas gun experimentsled by physi-

cig Bill Ndlis, the stringent tests of quantum el ectrody-
namics provided by the Lab'sunique Electron Beam lon
Trap (EBIT), the discovery of dark matter inthe form of
compact halo objectsin our galaxy, and the explanation
for the pulsations of alarge class of varigble dars. Just
recently, the Lab’'sWeb pagenoted that LLNL astrophys-
cists had discovered how the jets of materia propelled
from black holestrigger star formation, and the formation
of gdaxies.

Today, Livermore scientists are contributing their
expertise and using science and technology that
advances stockpile stewardship and homeland securi-
ty to addressmany of the most important physics ques-
tions of the 21t century. What isthe nature of the dark
matter and energy that suffuse the universe while
immune from direct observation? Where did the ele-
ments heavier than iron come from? Are there new
states of matter at extreme temperature and density?
What are the masses of the neutrinos? Did Einstein
havethe“last word” on gravity? Asit happened acen-
tury ago, the answerswill lead to new science and tech-
nology that will help us solve the problems of the cen-
tury to come.



